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Mean monthly concentrations of nitrogen forms and chloride
in the continuously-flowing tiles discharging into the





Nitrate—N budget for the East Branch of Canagagigue Creek
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Agricultural activities are known to be a source of appreciable amounts
of nitrogen contamination of both surface and ground waters. Much of this
nitrogen enters water as nitrate. Fixed nitrogen is very reactive and
undergoes a large variety of biological transformations, the kinds and
rates of which depend largely on environmental factors such as presence
or absence of oxygen, temperature etc. While these processes have been
extensively studied in soils and, to some extent in lakes, little is known
about their occurrence in streams. The degree to which nitrogen forms are
subject to transformation processes while in transport in streams, particularly
to sink processes such as denitrification, may significantlyaffect the
degree to which agricultural activities contaminate receiving waters. The
objective of this project was to determine the extent of the sink process,
denitrification, in streams and to asses its effect on stream transport of N.
Both laboratory and field studies were carried out. In the laboratory,
plexiglass columns were used to determine the rate at which nitrate—N dis-
appeared from water overlying stream sediment collected from a number of
PLUARG watersheds. It was found that disappearance was almost complete in
about 2 weeks for most sediments at 22 C when the starting concentration in
the water was 10 mg 1-1. Nitrate disappeared less rapidly at lower tempera—
tures but the rate was enhanced considerably when tubificid oligochaete
worms were present in the sediment and when metabolizable carbon (in the
form of dried leaves) was added to the sediment. When 15N nitrate was used
in column experiments it could not be detected after incubation, in any
fixed nitrogen fraction in either water or sediment, nor was it evolved
as ammonia, and it was concluded therefore that disappearance of nitrate
resulted from denitrification in these experiments. The use of 15N also
permitted estimation of nitrification rate in the sediment and it was shown
 
 that nitrate was produced in the sediment near the water interface and was
then denitrified along with added nitrate, when it diffused below the aerobic
zone of the sediment.
Extrapolating from these column studies to the stream
it appears that for the Canagagigue Creek (Ag 4), Holiday Creek (Ag 5) and
the Little Ausable River (Ag 3) the denitrification rate is in the order of
0.14 g m—2 of stream sediment surface day-lat 22UC.
This is in the same order of
magnitude as our previous observations on sediments from another S. Ontario
stream and also with estimates made recently for certain European stream sediments.
Field studies of nitrogen transport in a reach of the East branch of the
Canagagigue Creek (near Ag 4) were complicated by the presence of many ground-
water seeps,
tile outlets and small tributaries in that watershed.
High
concentrations of nitrate—N are a characteristic of surface flows in the
watershed however, and tiles were found to flow year—round with concentrations
of nitrate-N in the range of 20 mg 1-1.
The establishment of a nitrogen
budget was
found to be impossible for short reaches for long periods of time
because of problems in adequately quantifying flow.
However,
the crude
figures obtained for each of 18 days in 1976 showed losses ranging from 1.3%
to 18.8% of the input nitrate—N for the reach studied.



















the mean was 8.1%.
It can be assumed that the removal of nitrate—N under stream conditions
will be greater than the removal under
laboratory conditions because of tur—
bulence and sediment mixing by benthic activities.
It is proposed therefore































In recent years it has been observed that some of the nitrate-N





























































































































































































































































































































































spersed with mixed deciduous and coniferOus bush. Field and laboratory
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 studies were, therefore, concentrated on the East branch, although it
was rather more complex than we had hoped for. Comparative laboratory
studies were also carried out on Sediments from Holiday Creek (Ag. 5),
a tributary of the Middle Thames River, situated in Oxford County and
Little Ausable River (Ag. 3), a part of the Ausable River drainage




Stream sediment was collected by using a 60 cm long plexiglass
column of 5.60 cm ID and 0.40 cm wall thickness. One end of the column
was sharpened to facilitate penetration. In the field, the sharpened
end of the column waspushed about 10 cm into the sediment, its top end
was closed with a rubber stopper and the column was pulled out with the
intact core of sediment. The lower end was then pluggéd with a stopper.
For some experiments such intact cores were used, while in others, sedi—
ment collected in this manner was mixed and columns containing a 10 cm
depth of the mixed sediment were prepared as outlined below. All sedi—
ment samples were stored in a refrigerator at 20C and used within two
days of collection.
For the columns packed with mixed sediment, sediment samples were
thoroughly mixed in a plastic bucket and added to plexiglass tubes closed
at the lower end with rubber stoppers. This procedure eliminated likely
variation in the physico—chemical properties of the sediment of different
columns. Air bubbles were purged by a light tapping of the columns and
adhering sediment was washed from the sides of the column walls with
deionised water.
After the sediment columns had settled overnight at 2°C, the super-
natant water was siphoned off. To each column 500 ml of solution contain-
ing about 10 mg l_1 nitrate-N as KNO3 was added very slowly to avoid dis-
turbing the sediment.
Controls consisted of replicate sediment columns
overlain with deionised water and columns containing only 500 ml of the
KNO3 solution (no sediment).
 
 The liquid layer in completed columns was about 20 cm deep. A gas




















to create a little turbulence and to keep the supernatant solution aerated






















































































































































































































































































































































 tests for the presence or absence of nitrite—N were made according to
the method of Rider and Mellon (1946) modified for qualitative tests.
Ammonium—N and organic—N in the overlying solution were determined
by a macro—Kjeldahl procedure (Bremner, 1965 a and b and APHA, 1971). The
500 m1 supernatant solution was placed in a 800 ml flask and the free
ammonium-N was determined by distillation with MgO. About 200 ml of the
distillate was collected in a 500 ml flask containing 50 ml methyl red—
methylene blue indicating boric acid (2%). The remaining solution was
used to estimate the organic—N content by a regular macro—Kjeldahl digestion
with concentrated sulfuric acid, potassium sulfate and mercuric oxide
followed by distillation with sodium hydroxide—thiosulfate solution. All
titrations were done using 0.01 N sulfuric acid and N was calculated on
the basis of 1 ml 0.01 N HZSO4 = 0.14 mg ammonium—N.
Ammonium—N and nitrate—N in the sediment were determined on a potassium
chloride extract. The extract was prepared by shaking the wet sediment in
2M KCl (10:1 W/V) for one hour followed by filtration on glass fiber filter
paper (Reeve—Angel). Ammonium—N and soluble organic-N were estimated by
the macro—Kjeldahl procedure described above. Nitrate—N (including nitrite-N)
was then determined by distillation after conversion to ammoniumrN with
finely ground Devarda Alloy. Organic—N content in the sediment was measured
by the macro—Kjeldahl method (APHA, 1971). A sediment suspension was
prepared by adding 400 ml of deionised water to a 800 m1 digestion flask
containing 0.5 g of finely ground air-dried sediment sample. The digestion,
distillation and titration procedures described above were then followed.
The combustible matter content of the sediment was estimated by using the
weight loss by combustion at 5000C for 4 hours. Carbon content was assumed to
be 50% of the loss on ignition. The available carbon in the sediment was



























































































































































































































































6 x NX(Vl - V )
2
where C = mg of Carbon loss
N = normality of HCl used
V = volume of HCl used for blank



















































































































































































































and eliminated the indicating boric acid solution.



































































































































































































































































































































































































































































































































































































































































































































































the formula (Fiedler and Proksch, 1975):
 
1 .





where A - atom-percent abundance 15N
and R ratio of the 28N and 29N peak heights.








The probes used to measure redox potentials in the sediment were prepared
as described by Whisler gt_a1. (1974) and blacked by the method of Quispel (1947).
Each probe was then passed through a hole in a #0 rubber stopper so that the tip
of the probe was positioned at about the centre of the column
(Fig. 2).
The
rubber stopper was fitted tightly in a hole drilled in the side of the column
at an appropriate depth in the sediment column.
A lead from each redox probe
was soldered to a terminal on a multi-point switch to which was connected a
pH meter with a standard reference calomel electrode.





















































































































































































 Survey of Canada at that site. The flow from tile Outlets was measured by
using a graduated cylinder and stop watch. In so far as it was possible all
surface inputs between stations 3 and 7 were sampled and gauged. Sampling















































































aid of the previously—described plexiglass columns. The sediment depth was








































helium was bubbled into the supernatant solution. Analyses for nitrate—N



























































































































































































































































































































Some characteristics (air—dry basis) of the sediment taken from









21.0 i 7.0 14.0 i 3.0
0 O
0.30 i 0.04 0.20 i 0.03
8.4 i 2.5 4.6 i 1.1
14:1 12:1
Sites 1 and 2 are located on the
  
Mean of 3 replicates iSD.
 



















































































































































































































organic East branch. It should be pointed out, however, that the more
sandy West branch sediment may promote a greater rate of nitrate diffusion
into the sediment. Another observation was that nitrate disappeared more
rapidly from one column from the West branch, in which an unusually large
number of oligochaete worms was visible. It is not surprising, then, that
such wide variations in the nitrate removal rate among the replicates were
observed. There is strong evidence, however, that sediments from the Cana—
gagigue Creek are capable of promotinggthe loss of nitrate from overlying
water.
Daytime temperature readings were taken at four locations, two on each
branch of the Canagagigue Creek, during Spring and Summer of 1976. These
locations are l, 7, 8 and 9 shown in Fig. 3. The average values ranged
from 7.9°c :3.3 in April to 22.6OC :4.1 in June with the overall four
months mean of about 14°C (Table 2). Summer temperatures in the West
branch were generally higher. This is to be expected because the ephemeral
West branch receives most of its water via runoff in the spring months of
March and April and by June there is very little flow. Except in early
spring the West branch is usually shallower than the East branch. It
flows through mostly open fields and it has very little vegetation along
its banks. The lower summer temperatures of the perennial East branch may
be attributable to the significant ground water inputs throughout the year.
The East branch's greater depth and riparian vegetation may also account
for such observed differences in temperature.
In the light of these field observations, it seemed worthwhile to
determine to what extent these temperature differences might influence the
rate of nitrate removal. An experiment was thereforedesigned with such
an objective in view.
Sediment was taken from the East branch (near station 1, Fig. 3) and
  
TABLE 2:
Daytime water temperature of Canagagigue Creek sampled at
4 locations during the Summer of 1976.
MONTHS
STATIONl APRIL MAY JUNE JULY
2
l 7.9 9.3 16.1 14.4
i3.3 $1.3 i2.3 il.l
7 8.7 9.8 17.6 15.5
i3.5 il.3 i2.4 i1.5
8 8.5 9.5 22.6 20.8
$4.7 i2.6 i4.l i2.9
9 8.3 10.5 21.0 21.2
i4.8 i0.5 i1.0 i1.8
1
Stations 1 and 7 are located
on the West branch.
Mean values in OC iSD.






was thoroughly mixed to minimize the variation in the physico—chemical
characteristics of sediment of replicate columns. The sediment possessed
similar characteristics to that of site 1 of Table l. Triplicate columns
with a lO—cm sediment layer overlain with 500 ml of solution containing
12 mg l-1 nitrate-N as KNO3 were incubated in controlled environmental
chambers at 7°C, 15°C and 22°C. After 9 days of routine analysis for
nitrate in the supernatant, fresh nitrate solution was introduced in the
columns that were previously incubated at 150C and 220C and these columns
were monitored for a second experimental period at the same temperatures.
The gas mixture of 21% oxygen and 79% helium was bubbled into the supernatant
for the duration of both experiments.
The changes in nitrate-N concentration during the two experiments are
shown in Fig. 5. In the first experiment, nearly 50% of the added nitrate-N
was lost in 9 days at 70C. During the same period the nitrate—N lost at
15°C and 22°C was about 80% and 90% respectively. ANOVA tests show that
the differences in nitrate—N loss at 7°C, 15°C and 22°C were significant
(P < 0.01). In the second experiment, about 60% of the nitrate was lost
in 9 days at 150C and this loss was not significantly different (P < 0.01)
from the 220C incubation.
The results of this experiment show that temperature influences the
removal rate of nitrate in aerated water overlying stream sediment: the
process proceeding more rapidly at higher temperatures. The slowing of this
rate upon repeated additions of nitrate to the same sediment in this and the
previous experiment is evidence that metabolizable carbon content may also
be a controlling factor or, as will be shown later, that nitrate is being
produced.
During the course of preliminary experiments, it was observed that cer-










































































































































    
  
replicates of the same treatment. Closer examination of the columns
revealed that species of oligochaete worms, Tubifex tubifex, Limnodrilus
 
hoffmeisteri and perhaps others, were usually present in large numbers in
these seemingly anomalous columns while few or no worms were present in the
columns which were losing nitrate-N at a slower rate. In the following section,
the results of experiments investigating the apparent association of oligochaete
worms in stream sediment with a high rate of nitrate loss from overlying water,
are described.
The sediment, which was taken again from the East branch, had similar
chemical properties to that used in the previous experiment. Columns were
packed as before using the mixed wet sediment from which most of the native
worms were removed. The sediment columns were overlain with 500 ml of
solution containing 10 mg 1-1 nitrate-N or with 500 ml distilled water. One
set of such columns each then received 40 (approx. 0.2 g, wet weight) worms
composed of a mixture of Tubifex tubifex and Limnodrilus hoffmeisteri. Tri—
 
plicate columns for each treatment were incubated in a controlled environ—
mental chamber at 150C for 33 days. Gassing and nitrate analyses were per-
formed as before.
The results of analyses for nitrate—N in the supernatant of the nitrate—
containing Canagagigue columns at various times during the incubation period
are shown in Fig. 6. The column without worms lost nitrate-N gradually to
about 2 mg l-1 at the end of the incubation. The columns containing worms
lost nitrate—N at a much faster rate, reaching, 2 mg 1—1 in just 12 days.
However in thelatter case, the nitrate—N concentration increased to about
4 mg 1-1 in the next 12 days, then declined to about 2 mg 1—1. Changes in
the nitrate-N concentration in Canagagigue columns containing distilled
water are shown in Fig. 7. Nitrate—N concentration in the columns without













    
    










































































































































































































































containing worms, nitrate—N increased sharply after 12 days to a peak of
7 mg l—1 in 20 days. Regression and correlation analysis of the data showed
that the nitrate loss in columns containing worms followed a third order function
of the general equation NC = a + bt + ct2 + dt3 where NC= nitrate concentra—
tion and t = time while a, b, c and d are constants for each curve. However,
the cubic relationship was not apparent in the case of the control columns.
The values of these constants are shown in Table 3 while the regression lines
of the fitted equations are shown in Figs. 6 and 7. Analysis of variance tests
concluded that the differences in both nitrate removal rate and nitrate pro—
duction due to the presence of worms were significant (P < 0.01). Nitrate
changes in these columns during the second part of the experiment, when
fresh nitrate was added, are shown in Fig. 8. The nitrate loss from Cana-
gagigue columns both with and without worms was lower than that from the
corresponding columns in the first part of the experiment.
The results of these experiments clearly indicate that the presence of
oligochaetes in Canagagigue sediment changed the rate at which nitrate is lost
from aerated nitrate solution. Thisloss is presumably through denitrification





















































































































































































        
   
   
     
TABLE 3:
 
The values of the coefficients a, b, c and d of equations with
2 I
the general form NC = a + bt + ct + dt3 fitted to data (Figs. ‘




SOLUTION TREATMENT a b c d r
no worms 9.697l —O.587 0.015 -0.00010 0.98
i0.200 10.059 $0.004 i0.00009
N03—N
worms 10.100 —1.503 0.088 —0.00150 0.98
i0.180 $0.054 i0.004 i0.00008
no worms -0.182 0.261 -0.005 —0.00003 0.86
:0.l80 $0.059 i0.004 i0.00009
H20
worms 0.558 40.508 0.061 -0.00122 0.91
10.561 i0.l60 i0.012 i0.00023






















































Figure 8: Changes in nitrate-N concentration in the nitrate solution overlying 10 cm of Canagagigue
2
7
sediment when fresh nitrate was added.












































































































































































































































































































































































































































































































































































































































TABLE 4: Characterization of Canagagigue sediment used in the N experiment.
 
1. pH 7.2
2. NH4-N (ppm) 47.5
3. NO3—N (ppm) 0
4. Org—N (Z) 0.24
5. Combustible matter (X) 6.4
6. C:N 13:1
led to a change in 15N abundance from about 90 atom—percent initially to about
15 atom-percent at the end of the experiment. This indicated that substantial
nitrate production occurred in the columns as a result of nitrification. By
using the known level of isotope dilution at each sampling time, the quantity
of nitrate—N produced in the columns was calculated from the following derived
equation:
N = N _ N ( AON0 — AlNl )
g l 0 A0 + Al
2
where: Ng = quantity of N gained through nitrification
A0 = the atom—percent excess 15N in the initial fraction
'A1 = the atom—percent excess 15N in the final fraction
N1 = the quantity of N in the final fraction
On this basis, the changes in nitrate production, shown in Fig. 12, were obtained.
The rate of nitrification over the 49 days ofthe experiment and extrapolating
to the stream was calculated at 29 mg m_2 of stream sediment surface day-l.
Table 5 shows that the amount of labelled N found in the ammonium-N
form at any sampling time was very small. This was also true with respect
to organic-N. At maximum concentration, on day 21, labelled ammonium-
   
TABLE




-N and Organic-N in the supernatant and
sediment fractions of the columns during the 48-day incubation period
at 150C.
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































It can be concluded that the worms












will similarly be influenced.
The mean Eh values are shown in Table 7.
There was a sharp drop in redox
potential at the sediment-water interface but there was no significant shift
of Eh relative to depth throughout the incubation period.
The oxidised zone
in the sediment was certainly less than 1 cm and therefore it was
notpossible
to determine the influence of the worms on this zone.
The amount of carbon lost from the sediment in the presence or absence
of worms was estimated (based upon the CO
evolution) and the results are
2
shown in Table 8.
At the end of the experiment there was no difference in
the amount of carbon lost from control sediment when overlain with either
nitrate—N or water.
However, the worms and water treatment increased carbon
loss by 21% and the worms and nitrate-N treatment increased the carbon loss
by 58%.
These results clearly show that the effect of the worms in increasing
the carbon loss from the sediment is further accentuated by the presence of
nitrate—N.
In the previously—described experiments, it became apparent that the
metabolizable carbon content of the sediment may be a controlling factor in
the denitrification rates.
This became evident when the rate of nitrate loss
from water overlying Canagagigue sediment decreased upon repeated additions



































































































































































































































































































































































































































































































































































































































































































































































































































































of fresh nitrate solution to the columns.
One experiment was designed to determine whether or not the organic
matter content of Canagagigue sediment had any influence on denitrification
rates. The sediment was analysed at the beginning of the experiment for
ammonium-, nitrate— and organic—N and for combustible matter.) Table 9
shows that the organic matter contentwvas fairlysubstantial (10—25%) and
the concentrations of ammonium— and organic—N were relatively high. Nitrate—N
was not detected. The thoroughly mixed wet sediment was used to pack columns
as before. In addition, triplicate columns received sediment mixed with
varying amounts of organic matter in the form of dried ground leaves (3:1
mixture of maple, Acer saccharum and water—cress, Nasturtium officinale).
 
Each treatment thus received 0, l, 5 and 10 percent (w/w, air—dry basis)
leaf material. Also sediment to which nitrate was added in two successive
runs was supplemented with 1% of the leaf material and included in the experi-
ment. All the columns were topped with 10 mg l_1 nitrate solution (KNO3),
aerated with 21% oxygen in helium and incubated at room temperature (220C).
To estimate the carbon oxidation rates, the gas outflow of each column was
fitted with carbon dioxide traps. Nitrate-N concentration in the supernatant
was determined and carbon dioxide evolution was measured at day 0, 3, 6, 10
and 13 of incubation.
Fig. 15 shows the changes in nitrate—N concentration in the supernatant
of columns containing varying amounts of added leaf material. The nitrate—N
concentration in the controls dropped gradually to about 3 mg l_1 in 13 days.
However, almost all the nitrate—N disappeared from the columns with l, 5 and
10 percent added leaf material in 12, 10 and 8 days respectively. The
nitrate—N loss (not shown) from columns with the "spent" sediment + 1%
ground leaves was in the same order of magnitude as that of the 1% leaf
treatment. Analyses of variance of the data show that the differences in
  
TABLE 9: Characterization of the Canagagigue sediment used to
determine the effects of ground leaves on denitrification
rates. Mean of 3 replicates 18D.
1. pH 7.3
2. NBA-N (ppm) 56.0 i 3.8
3. NQ3-N (Ppm) 0
4. Org—N (Z) 0.32 i 0.02























































































































































































































































































































































































































































Observations on nitrate loss from water overlying sediment from two other
PLUARG streams, Holiday Creek











widelyin organic matter content
(Table 10).
Sediment columns were
set up as described before and incubated at room temperature.
Nitrate-N
changes in the supernatant of columns containing Holiday Creek sediment are
shown in Fig. 17.
About 75% of the added nitrate-N disappeared from the
overlying water in two weeks.
The rates of nitrate—N losses were similar
for sediments from each of the sample sites.
Similar observations were
made when sediment from Little Ausable River was used (Rig. 18).
11.2 Field Studies
In 1975 and 1976 nitrogen and chloride concentrations in the two branches
of upper Canagagigue Creek were monitored in order to select a reach for
detailed study of denitrification. Table 11 is an example of the data and






























































































































































































































































































































































































































































Figure 18: Changes in nitrate—N concentration in water overlying sediment from 3 sites of Little
 





























































































































































































































































































































































































































































































































































































































































































ranged from 1.1% to 18.8% of the nitrate-N input while on one day there
appeared to be a gain in nitrate-N over the reach. A further attempt at
budgeting nitrogen was made during spring of 1977. The staff—gauge was
abandoned in favour of gauging with an Ott meter. However, it became
apparent that gauging at station 3 was so imprecise that it was impossible
to establish consistent trends for gains, losses or a balance in the
nitrogen budget.
On November 2, 1977, a concerted effort was made to survey the entire
reach between stations 3 and 7 once more. Gauging by Ott meter and sampling
were carried out at several sites along the main stream. The same was done
for each tile and surface inflow. Nitrate additions through ground water
were estimated on the basis of increased flow rate at the downstream site
and the mean concentration of nitrate concentration in the ground water
seeps adjacent to the stream. We found that between stations 3 and 5, the













































































































































































































































































































































































































For the entire reach studies, nitrate—N loss for that day was calculated
2













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































tration exceeds 2 mg 1—1 and the temperature is near 220C. At lower concentra—
tions the rate will decrease since nitrate diffusion will decrease as concentra—
tion declines. Of course, this assumes that Canagagigue Creek, Holiday Creek




















































































































































































































































































































































































































































































































































































































































































































































































































sediment. It should therefore be possible to apply the transport factor
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